
Date: April 16, 1984 

REFERENCE ONLY 

NAVAL UNDERWATER SYSTEMS CENTER 
NEW LONDON LABORATORY 

NEW LONDON, CONNECTICUT 06320 

TECHNICAL MEMORANDUM 

DIELECTRIC PROPERTIES OF PIEZOELECTRIC 
POLYVINYLIDENE FLUORIDE (PVDF) 

TM No. 841072 

llllllllllllllllllllll,lllllllllllllllll/1 
841 12172 1211211N 

Prepared by: ~:a!F~· 
Target Physics 
Sensor Technology Branch 

REFERE ONLY ~t:~r~ 
Electroacoustic 
Transduction Branch 

Approved for public release; distribution unlimited 



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
16 APR 1984 

2. REPORT TYPE 
Technical Memo 

3. DATES COVERED 
  16-04-1984 to 16-04-1984  

4. TITLE AND SUBTITLE 
Dielectric Properties of Piezoelectric Polyvinylidene Fluoride (PVDF) 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
Mark Moffett; James Powers 

5d. PROJECT NUMBER 
A61404 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Underwater Systems Center,New London,CT,06320 

8. PERFORMING ORGANIZATION
REPORT NUMBER 
TM 841072 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
NAVMAT 

10. SPONSOR/MONITOR’S ACRONYM(S) 
NAVMAT 05B 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
NUWC2015 

14. ABSTRACT 
Measurements were made of the free dielectric constant and the dielectric loss tangent of piezoelectric
polyvinylidene. fluoride (PVDF) at frequencies between 1 kHz and 5 MHz and temperatures between
-28??C and +51??C. Samples of nonvoided and voided PVDF were tested. The dielectric constant increases
with increasing temperature and/or decreasing frequency, ranging from about 3 to 11 f~r the voided
material and from about 4 to 14 for the nonvoided material. The dielectric loss tangent (dissipation factor)
ranged from about 0.02 at low frequencies and high temperatures to about 0.3 at high frequencies and high
temperatures. The voided material was not as lossy as the nonvoided material with maximum values - 0.2
for the voided material and 0.3 for the nonvoided material. A slight temperature aging effect was observed;
an increase of a few percent in dielectric constant resulted from cycling the samples to 51??C. 

15. SUBJECT TERMS 
piezoelectricity; polyvinylidene fluoride; PVDF 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

21 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



Date: April 16, 1984 

NAVAL UNDERWATER SYSTEMS CENTER 
NEW LONDON LABORATORY 

NEW LONDON, CONNECTICUT 06320 

TECHNICAL MEMORANDUM 

DIELECTRIC PROPERTIES OF PIEZOELECTRIC 
POLYVINYLIDENE FLUORIDE (PVDF) 

TM No. 841072 

~(}01 

Prepared by: ~ & ~ 
MARK B. MOFF 
Target Physics 
Sensor Technology Branch 

~o'!f~ 
Electroacoustic 
Transduction Branch 

Approved for public release; distribution unlimited 



TM No. 841072 

ABSTRACT 

Measurements were made of the free dielectric constant and the dielectric 
loss tangent of piezoelectric polyvinylidene. fluoride (PVDF) at frequencies· 
between 1 kHz and 5 MHz and temperatures between -28°C and +51°C. Samples of 
nonvoided and voided PVDF were tested. The dielectric constant increases with 
increasing temperature and/or decreasing frequency, ranging from about 3 to 11 
f~r the voided material and from about 4 to 14 for the nonvoided material. 
The dielectric loss tangent (dissipation factor) ranged from about 0.02 at low 
frequencies and high temperatures to about 0.3 at high frequencies and high 
temperatures. The voided material was not as lossy as the nonvoided material, 
with maximum values - 0.2 for the voided material and 0.3 for the nonvoided 
material. A slight temperature aging effect was observed; an increase of a 
few percent in dielectric constant resulted from cycling the samples to 51°C. 
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This memorandum was prepared under Job Order No. A51404, "Broadband 
Hydrophone for Transient Measurements," Principal Investigator: Dr. M. B. 
Moffett, Code 3321, Associate Investigator: J. M. Powers, Code 3234, 
Sponsoring Activity: NAVMAT 05B (CAPT Z. L. Newcomb), NUSC lED Program, 
Program Manager: Dr. K. M. Lima, Code 101. The authors are located at the 
Naval Underwater Systems Center, New London, CT 05320. 
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I. INTRODUCTION 

Piezoelectric polyvinylidene fluoride (PVDF) is a useful hydrophone
element material because of its shock resistance, low density, and low 
mechanical impedance.1,2 However, the capacitance is about 100 times less 
than that of piezoelectric ceramics, so that capacitive coupling loss is more 
likely to be a problem with PVDF hydrophone designs than with conventional 
lead zirconate-titanate (PZT) hydrophones. Furthermore, PVDF is a much 
lossier material than PZT,3-5 a fact which appears to preclude its use in 
underwater projectors.6 The dielectric constant and dissipation factor of 
PVDF have been measured at room temperature by Pennwalt workers7 to about 
400kHz. Callerame, Tancrell and Wilson,3 interested in medical ultrasonic 
applications, extended the frequency range to 20 MHz. Further extension to 
100 MHz was provided by Leung and Yung4 and by Chen.5 All of these 
measurements were made on nonvoided material at room temperature. Because of 
the importance of the temperature dependence, we decided to measure the 
dielectric constant and dissipation factor as a function of temperature as 
well as frequency. The advent of thick-film, voided PVDF8 made it desirable 
to perform the same measurements on the newer material as well. 

II. EXPERIMENT 

Two samples of PVDF were tested: 1) a nonvoided 2.5 em x 2.5 em x 
0.11 mm, nickle-aluminum electroded Kynar® element manufactured by Pennwalt 
Corporation,7 and 2) a voided 6.3 em x 6.3 em x 0.64 mm element, serial 
number AC 47/3, manufactured by Thorn EMI, Limited.8 The voided element had 
electroplated copper electrodes. The sample under test was held by a 
specially-made alligator clip making separate electrical contact with each 
electrode. A 3-ft length of RG-58C/U cable passing through a cloth insulator 
served as the electrical feedthrough into the temperature-controlled 
environment. The latter was provided by a Tenney Junior oven/refrigerator 
unit. All impedance measurements were made with a Hewlett-Packard 4192A 
low-frequency impedance analyzer with a 16095A probe fixture operated in a 
single-ended mode • 

. The impedance of the connecting cable was accounted for after measurement 
of. the impedances, Zsc and Zoe. with the alligator clip contacts 
short-circuited and open-circuited, respectively. If the cable is assumed to 
behave as a uniform transmission line, the element impedance, Z, can be 
calculated from the measured impedance, Zin (with element and cable in 
place), as follows: 

Z =Zoe (Zin - Zsc)/(Zoc - Zin) 

The element capacitance is then 

C = Im(Z-1)f2wf, 

where f is the frequency. The dissipation factor is 

D = Re(Z-1)/Im(z-1) = -Re(Z)/Im(Z). 

(1) 

(2) 

(3) 

5 
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T The (free) dielectric constant, e33 Je0 was determined from the capacitance, C, as 

(4) 

where Co is the capacitance of an air gap dimensionally equal to the element 
size, eo is the permittivity of free space, 8.85pF/m, t is the element 
thickness and A the element area. Co was 50.3pF for the nonvoided element 
and 54.9pF for the voided one. 

The samples were subjected to the temperature history depicted in 
Fi~ure 1. The material was considered to be "virgin" during the first 22°C to 
31 C to -27°C cycle, but a rise in capacitance of several percent was noted 
after cycling (and holding for about 2 hrs) to 51°C and so data obtained after 
that point are for "aged" material. 

III. RESULTS 

The element capacitances are given in Table I. After division by Co 
(see Eq. 4), the dielectric constants of Table II and Figures 2-5 were 
obtained. It can be seen that the dielectric constant decreases monotonically 
with increasing frequency and with decreasing temperature. In fact, over the 
range of frequencies and temperatures in this study, the dielectic constant 
changed by a factor of more than three. The dielectric constant of the 
nonvoided material was generally higher than that of the voided material. 

The dielectric loss tangents are given in Table III and Figures 6-9. 
There is a broad maximum in the loss tangent which shifts upward in frequency 
as the temperature is raised. At low temperatures, the voided material 
exhibited a sharp peak in loss factor at about 1 MHz. (It should be noted 
that since most of the measurements were made in a 1-2-5 frequency sequence, 
there is a possibility that other sharp peaks of this type existed but escaped 
unnoticed between the large frequency steps.) A similar "resonance" has been 
observed by workers at Thorn EMI.9 

IV. DISCUSSION 

The dielectric constant and dissipation factor curves of Figures 2-9 have 
the general shape of a dielectric relaxation process. However, each of these 
curves changes too slowly with frequency to be described by a single 
relaxation time, i.e., a multiplicity of relaxation times must be involved. 
Another way of seeing this result is that since the relaxation time,,, of a 
conductive dielectric is given bylO,= e/a, where a is the electrical 
conductivity, and since we can express the conductivity, a, as 2wfeD, then the 
relaxation time,,, would be given by (2wfD)-1. In other words, to be 
describable by a single (constant) relaxation time, t , the dissipation factor, 
D, would have to be inversely proportional to frequency. This is clearly not 
the case, as can be seen in Figures 6-9. 

6 
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V. CONCLUSIONS 

The free dielectric constant of nonvoided PVDF ranges from about 4 to 14 
over the -28°C to 51°C temperature range and.1 kHz to 5 MHz frequency range, 
with a value of approximately 12 at 1kHz and room temperature. (This compares 
reasonably well with literature values.7,11) The voided material has a 
lower dielectric constant, ranging from about 3 to 11 over the temperature and 
frequency ranges considered here. 

The voided material is not as lossy as the nonvoided material. The 
maximum dissipation factor was about 0.2 for the voided material and 0.3 for 
the nonvoided sample. At room temperature and 1 kHz, the dissipation factor 
was about 0.012 for each material. 

After cycling to 51°C, the dielectric constant was elevated a few 
percent, but the dissipation factor was essentially unchanged. 

VI. ACKNOWLEDGMENTS 

The authors wish to thank W. L. Clay for the use of the oven/refrigerator 
unit, G. R. Giordano and J. F. Lindberg for the use of the impedance analyzer 
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